were determined for consecutive 4-s epochs during 24 h in rats that had been implanted with electrodes under deep pentobarbital anesthesia. The power spectra in non-rapid eye movement sleep (NREMS) showed marked trends: low-frequency activity (0.75-7.0 Hz) declined progressively throughout the 12-h light period (L) and remained low during most of the 12-h dark period (D); highfrequency activity (10.25-25.0 Hz) rose toward the end of L and reached a maximum at the beginning of D. Within a single NREMS episode (duration 0.5-5.0 min), slow-wave activity (0.75-4.0 Hz) increased progressively to a plateau level. The rise was approximated by a saturating exponential function: although the asymptote level of the function showed a prominent 24-h rhythm, the time constant remained relatively stable (-40 s). After short interruptions of NREMS episodes, slowwave activity rose more steeply than after long interruptions. The marked 24-h variation of maximum slow-wave activity within NREMS episodes may reflect the level of a homeostatic sleep process. spectral analysis; light-dark cycle; sleep episodes; slow-wave activity SLOW-WAVE ACTIVITY of the electroencephalogram (EEG) in non-rapid eye movement sleep (NREMS) has been shown to decline throughout the daily sleep period (2). This trend in human sleep is reflected in the predominance of slow-wave sleep (stages 3 and 4) in the first two NREM-rapid eye movement sleep (REMS) cycles. In animals, substates within NREMS have rarely been discriminated. However, analysis of the sleep EEG in the rat has shown that the proportion of low-frequency, highamplitude waves in NREMS declines throughout the 12-h light period, the animal's circadian sleep period (8, 18) . It has been proposed that slow-wave activity may be used as an index of sleep propensity, which is high at the end of the daily waking period and declines during sleep (5). In accordance with this interpretation, the prolongation of waking by forced locomotion increases slow-wave activity during recovery sleep (8, 12) . This effect is a function of the duration of prior waking (20) and occurs even when recovery sleep does not coincide with the circadian sleep period (8, 24) . In fact, this response to sleep deprivation can be observed in animals rendered arrhythmic by lesioning the putative circadian pacemaker in the suprachiasmatic nuclei (15, 21) . Finally, there is evidence that the enhancement of slow-wave activity is due to the sleep deficit per se and not to stress (23) or increased locomotion (13).
Variations of slow-wave activity in the course of the 24-h cycle have been reported previously (8, 16, 18, 23) . However, with the exception of one study limited to an 8-h recording period (9), the analysis was based on amplitude or zero-crossing measures that do not provide quantitative data of EEG activity within distinct frequency bands. Spectral analysis used in the present study allowed a detailed and quantitative description. It became evident that the trends of slow-wave activity are not restricted to the delta band but also encompass a part of the theta band. More importantly, spectral analysis also revealed consistent trends of EEG activity in higher frequency ranges (lo-25 Hz) not previously described.
Although the declining trend of slow-wave activity occurs over a time span of hours, NREMS episodes in the rat have a mean duration of only 3-5 min (8). The evolution of slow-wave activity within such an episode has not yet been investigated. It is unknown whether the EEG becomes fully synchronized within seconds after NREMS onset, or whether slow waves develop more gradually. In the present study, we characterized the EEG dynamics of NREMS episodes throughout the 240 h cycle to establish a link between short-and long-term changes and to study the nature of the process underlying slow-wave activity.
METHODS

AND EXPERIMENTAL PROCEDURE
Animals and procedures. Eight adult male albino rats of the Sprague-Dawley SIVZ (Irchel, Zurich) strain were used as experimental animals (270-to 320-g range in body wt at beginning of experiments). They were kept individually in Plexiglas cages (36 X 20 X 35 cm) and had unlimited access to food (no. 890 rat chow cubes, NAFAG, Switzerland) and water. They were maintained in an individual, sound-attenuating chamber to which they had been adapted for at least 14 days before the experiments (ambient temperature 22-24°C). A 12:12-h light-dark cycle was provided by a daylight-type fluorescent light tube fixed on the rear wall of the chamber, giving a cage level light intensity of 20-45 pW/cm2.
Two gold-plated, round-tipped miniature screws ( 1.19 mm diam) were used to record the cortical EEG. They were screwed into the skull over the right cortex (3.5 mm
posterior of the bregma and 1.0 mm lateral of the midline) and the cerebellum, the tips being situated epidurally. Two gold-wire (Z-mm diam) electrodes inserted beneath the neck muscles served for recording the neck muscle electromyogram (EMG). The electrodes were attached to a miniconnector that was fixed to the skull by dental cement. Operations were performed under deep pentobarbital sodium anesthesia (60 mg/kg ip) and at least 10 days were allowed for recovery. Before the recording, the animals were habituated to the flexible, counterbalanced recording leads. Recording and data anaZysis. For each rat a continuous 24-h record was obtained. The EEG and EMG signals were amplified [amplification factor 2,000; band-pass filtering between 0.016 and 200 Hz (-3 dB points; 24 dB/octave)] and recorded on paper at a speed of 3 mm/ s (Beckman Type R Dynograph) as well as on analog FM magnetic tape (Hewlett-Packard model 3968, tape speed 1.19 cm/s). As previously described (7,9), the EEG was played back from tape, analog-to-digital converted (low-pass filter, -3 dB at 30 Hz, 24 dB/octave; sampling rate 64/s) and subjected to spectral analysis (FFT routine, DEC Laboratory Subroutine Package) in a PDP U/34 computer. This routine computed power density values for consecutive 4-s epochs in the frequency range of 0.25-25.0 Hz for 0.25Hz bands. The data were collapsed into O.&Hz bins in the range 0.25-5.0 Hz and into l.O-Hz bins in the range 5.25-25.0 Hz. The EMG signal was analog-to-digital converted, full-wave rectified, and integrated to yield a single value per 4-s epoch.
The vigilance states waking, NREMS and REMS were scored for 4-s epochs that exactly corresponded to the EEG spectra. For each animal, threshold levels were specified for 1) EEG power density in the delta band (0.75-4.0 Hz), 2) the ratio between power density in the theta band (6.25-9.0 Hz) and in the delta band, and 3) the integrated EMG. Based on the spectral values and the EMG relative to the thresholds, the computer program performed a preliminary state identification (NREMS: high delta, low theta/delta, low EMG; REMS: low delta, high theta/delta, low EMG; waking: low delta, low theta/delta, high EMG; undefined: any other combination).
Erroneous classifications were corrected by carefully comparing the preliminary scores with the polygraph records, and undefined states were either defined or labeled as artifacts. Similarly, spectral power density data were discarded from further analysis for those 4-s epochs in which the EEG amplitude had reached the saturation level of the analog-to-digital converter or which were later identified as artifacts from the polygraph records. The percentage of artifacts was higher for the spectral data (mean values: light, 5.5; dark, 11.6) than for the vigilance scores (light, 1.8; dark, 1.0).
All changes of EEG spectra were expressed as relative power density. The reference value was the mean power density in NREMS over the 12-h light period, which was 
RESULTS
Changes of power density over 24 h. The changes of relative power density in NREMS over consecutive 2-h periods are shown in Fig. 1 . The most prominent change in the light period was the significant progressive decline of low-frequency activity within the frequency range of 0.75-7.0 Hz. The lowest level (40% of the initial value) was attained in the 1.75-to 2.0-Hz band at lo-12 h. A significant increase was seen at the light-dark transition (P < 0.02 for 1.75-6.0 Hz; Wilcoxon two-tailed, matchedpairs sign-rank test). However, low-frequency activity remained at a low level throughout the dark hours. Although an increasing tendency was evident in lo-12 h, the largest increase occurred at the dark-light transition (P < 0.02 for 0.75-2.0 Hz).
The changes were different in the high-and lowfrequency ranges. In the light period, power density at frequencies >lO Hz declined from the first to the second 2-h period (P C 0.05) and remained at the minimum level between 2 and 6 h. A progressive rise was then observed. The largest increase occurred at the light-dark transition (P < 0.01 for 10.25-25.0 Hz), and the maximum level (180% of the initial level at 17.25-18.0 Hz) was reached in the first 2 h of the dark period. Highfrequency activity decreased during the dark period. The most prominent decline occurred at the dark-light transition (P < 0.02 for values X4 Hz).
Power density was analyzed also in REMS and waking (data not shown). There was no consistent trend in either of these vigilance states. However, throughout the dark period, the waking values in the 6.25-to 7.0-Hz band were significantly below the reference level (i.e., O-2 h of the light period) (P < 0.05).
The variations of power density in the low-and highfrequency bands are illustrated by a 24-h record of an animal (Fig. 2) . Note the declining trend of slow-wave activity in the light period and the low values during the first two-thirds of the dark period. High peaks reappear only in the last dark hours. The 10.25-to 20.0-Hz band exhibits no obvious trend. However, the dark values tend to be higher than the light values, corresponding with the data of Fig. 1 .
Distribution of vigilance states and episodes. Sleep dominated in the 12-h light period, and waking dominated in the 12-h dark period (Table 1 ). The percentage of waking remained relatively low throughout the light period and rose sharply in the last 2 h. In the dark period, waking exceeded 70% except for 4-6 h in which it showed a transitory decline to 58%.
The mean duration of waking episodes was more than four times longer in the dark period than in the light period (Table 1) . Both NREMS and REMS episodes were longer in the light period than in the dark period. were increased by 50-100% (light period: waking, 1.3; However, only the NREMS episodes showed a declining NREMS, 2.2; REMS, 1.6; dark period: waking, 6.9; trend during the light period. Due to the skewed distri-NREMS, 1.4; REMS, 1.2). bution, the median values were consistently lower than EEG analysis of NREMS episodes. A 12-min sequence the mean values (Table 1) .
of vigilance states and of delta and theta activity has It can be argued that brief interruptions of episodes been plotted for consecutive 4-s epochs in Fig. 3 . Alshould be disregarded and also that the shortest episodes though there are considerable short-term fluctuations in should not be included in the computations.
Thus if power density, a rising trend of delta activity is clearly minimum criteria of 12-s episode duration and 8-s epievident in the two longer NREMS episodes. Peak levels sode interruption were applied, the mean values (in min) of theta activity are attained at the NREMS-REMS transitions. The evolution of power density within NREMS episodes is shown in Fig. 4 . In the light period, slow-wave activity showed a rise from waking to NREMS and a further progressive increase in the following 3 min (curves l-6). An initial rise from the waking level was present also in the other frequency bands, but subsequently no significant trend was seen. In the dark period, the rising trend of slow-wave activity within NREMS was less prominent than in the light period. A significant increasing trend was present in the high-frequency band of 14.25-18.0 Hz. (Fig. 5, top) , the level remained low in the beginning and the middle of the dark period and increased markedly in the last 2 h (Fig.  5, bottom) .
As shown in Fig. 5 , right, a saturating exponential function starting at the waking level (17%) was estimated for each 2-h period by means of a weighted least-squares procedure (see Ref. 16, p. 15 ; Marquardt iterative method). Weighted regression was used because of the highly unequal number of animals and observations contributing to the mean values. The weighting factor was defined for each data point by number of animals multiplied by mean number of observations. Therefore, the minimum criterion of four animals was not required as for the curves in Fig. 5 , left. Note that for the fitting procedure, mean values per 32-s epoch were used for each category, whereas for clarity of presentation, single overall mean values per 32-s epoch are shown in Fig. 5, right. (The large discrepancy between the fitted curve and the last data point at O-2 h dark is due to its small weight.)
The nonlinear regression was performed according to the following equation Y = a(1 -e+') + y0 where y represents the power density in NREMS in the 0.75-to 4.0-Hz band, a is the asymptote level, t is the time from the onset of the NREMS episode, 7 is the time constant, and y0 is the power density level at the onset of the episode. A value of 17% was used for yO, which corresponded to the mean power density of waking episodes in the 12-h light period.
The goodness of fit of the exponential function was O-192 s; dark, O-160 s; note that curue 5 s) in light period has been omitted to avoid superposition of curves). Waking curve in both panels has been derived from mean values of all waking episodes in 12-h light period. Horizontal lines below abscissa indicate frequency bands with significant changes among 32-s NREMS epochs (P < 0.01; nonparametric one-way analysis of variance). Note that in light period increasing trend is limited to delta band, but in dark period it also encompasses higher frequencies.
compared with that of a linear, a quadratic, and a composite quadratic/linear function (i.e., a segmented model with a quadratic part and a plateau part) by computing the residual mean squares. The saturating exponential function yielded the lowest values (i.e., the best estimate) for all Z-h periods throughout the 24 h. For the curves shown in Fig. 5 , right, the following coefficient of determination (r2) values were obtained: light O-2 h, 0.85; 4-6 h, 0.75; lo-12 h, 0.57; dark O-2 h, 0.37; 4-6 h, 0.52; lo-12 h, 0.75.
The asymptote level of the saturating exponential curves (Fig. 5, right) declines during the light period, remains relatively low in the beginning and middle of the dark period, and reverts to a high level during the last 2 dark h. The changes of the asymptote level a and the time constant 7 over the 24-h light-dark cycle are shown in Fig. 6 . The asymptote level showed a marked, progressive decline throughout the light period. A significant increase occurred at the light-dark transition (P < 0.05; t test). The increasing tendency during the first 10 dark h was not significant (P > 0.1; comparison of dark O-2 and 8-10 h). An abrupt rise was seen from 8-10 to lo-12 h reaching the level of the first 2 light h. The variance was higher in the dark period than in the light period. Figure 6 , bottom, shows the changes of the time constant 7. The mean values for 2-h periods ranged from 22.6 to 48.6 s. However, within each lighting period, most of the 95% confidence intervals overlapped. In the dark period, the values tended to be lower than in the light period. Note that during the steep decline of the asymptote level in the light period, the time constant was relatively stable.
To assess the influence of the number of data points and episode criterion on the parameters, the nonlinear regressions were also performed in the following manner: 1) weighted estimates were based exclusively on data points of the first three 32-s epochs to which seven or eight animals contributed; 2) unweighted estimates were based on all data points; 3) unweighted estimates were based on all data points, allowing a maximum interruption of 8 s within an episode.
The time course and level of the asymptote were barely affected by applying these alternative procedures. The time constant was decreased by procedure 1 (range of 2-h values 16.9-36.7 s); slightly increased by procedure 2 (28.9-52.8 s); and increased by procedure 3 (39.1-66.7 s). All three procedures increased the 95% confidence intervals of the time constant.
Transition from NREMS to waking or to REMS. The changes of the EEG during the transitions from NREMS to either waking or REMS are illustrated in Fig. 7 . Slowwave activity declined abruptly before the transitions. Although the decrease occurred later in the NREMS- waking curve than in the NREMS-REMS curve (Fig. 7,  top) , the values measured before the state change were not significantly different (P = 0.6; Friedman two-way analysis of variance; for the range of -32-O s). The values measured after the state change were higher in waking than in REMS (P < 0.001; O-32 s).
Significant differences between NREMS-waking and NREMS-REMS were present for theta activity and highfrequency activity (P < 0.001; -32-32 s). These parameters showed a marked rise 32 s before the onset of REMS, peaking 8 s before the transition. After the onset of REMS, theta activity remained prominent, whereas high-frequency activity gradually declined. In contrast to the NREMS-REMS transition, the level of theta and high-frequency activity did not increase before the onset of waking. The changes over the entire frequency range are illustrated in Fig. 7 , bottom for four selected time points (v, Fig. 7, top) .
Spontaneous interruptions of NREMS episode. The buildup of slow-wave activity after interruptions of NREMS by waking or REMS episodes of four different durations is shown in Fig. 8 . To examine its time course, the data were approximated by saturating exponential functions according to the procedure described above tion. Thus classifying the interruptions into nine categories (4, 8, 12, 16, 20, 24-32, 36-64, 68-128, X32 s) yielded a high negative correlation between their duration and slow-wave activity in the last bin of the interruption (~32 s) (r = -0.97; P < 0.001; Spearman rank correlation).
DISCUSSION
EEG changes ouer 24 h. One of the most prominent trends in the EEG of NREMS was the progressive decline of slow-wave activity throughout the light period. The level remained low during most of the dark period and rose sharply at the dark-light transition (Fig. 1) . High-frequency activity increased progressively within the last 4 h of the light period, attained a maximum level in the first 2 h of the dark period, and then gradually decreased. A sharp decline was observed at the darklight transition.
Because prominent changes in EEG activity occurred at the light-dark and dark-light transition, the role of light must be considered. In a previous study the 24-h distributions of slow-wave activity (based on zero crossings) were similar for the usual light-dark schedule and for continuous darkness (24). Nevertheless, some lightinduced changes were observed. Thus the integrated EEG amplitude in NREMS was lower in the 12-h light period than in the corresponding continuous darkness period. This result was interpreted as evidence for a suppressing effect of light on the EEG amplitude. It , appears likely that the sharp rise of both slow-wave and high-frequency activity at the light-dark transition of the present study may represent a disinhibition from the suppressing effect of light. On the other hand, because a rising trend in high-frequency activity was already evident 4 h before onset of darkness, it is unlikely that the changes can be attributed entirely to the light-dark cycle. n* [the terminal value of the interrupting state served as the first data point ( yO) in the computations].
The nonlinear regression yielded practically identical asymptote levels for all four conditions. However, the time constants increased after longer interruptions. The following mean values of 7 (in s, 95% confidence interval in parentheses) were obtained for the four interruption categories: 4-8 s, 36.0 (32.0-44.0); 12-20 s, 56.8 (46.1-67.5); 24-64 s, 51.0 (42.2-59.7); >64 s, 72.8 (61.0-84.5). The value of the shortest category was significantly different from all others (P c 0.05; t test), and the value of the longest category significantly exceeded the preceding one (P < 0.01).
The terminal value of slow-wave activity in the interrupting state was a function of the duration of interrupUrcaclian ractors may play an important role.
EEG changes within NREMS episodes. Slow-wave activity showed large fluctuations between consecutive 4-s epochs of NREMS episodes (Fig. 3) . After computing the mean values over pooled episodes a consistent rising trend was revealed. The rise rate was highest in the initial part of the episode, and a plateau level was reached within the first 2 min. The increase of slow-wave activity could be described by a saturating exponential function. The time constant of this function remained remarkably stable over the 24-h cycle and did not depend on the duration of a NREMS episode. On the other hand, the asymptote level of the function exhibited a prominent 24-h cycle (Fig. 6) . Thus early in the light period slowwave activity in NREMS episodes rose steeply to a high level, whereas late in the light period the rise rate was shallow and attained only a low plateau level. The changes of the asymptote level over 24 h (Fig. 6) were similar to those of power density in the low-frequency range (i.e., slow-wave activity) (Fig. 1) . Nevertheless, there were subtle, yet interesting, differences in the time course of the two measures. Thus, although the asymptote level had reverted almost to the maximum in the last 2 dark h, power density at that time was still well below the 100% level. This discrepancy can be accounted for by the limited duration of NREMS episodes (Table 1) . Because of the high circadian propensity for waking in the dark period, NREMS episodes are generally short, and thereby the buildup of slow-wave activity is curtailed. However, as reflected by the high level of the asymptote, the dynamics typical for the beginning of the light period has been already attained in the last 2 h of the dark period. Thus the asymptote level of the saturating exponential function may provide an index of slow-wave propensity even under conditions where the full manifestation of slow-wave activity is prevented.
Although slow-wave activity rose gradually to a maximum within a NREMS episode, it declined rapidly at the end of the episode (Fig. 7) . Nevertheless, some residual effect could be detected. First, a slight decreasing trend of slow-wave activity was seen in the following vigilance state. Second, the rise rate of slow-wave activity within the subsequent NREMS episode was steepest when the interruption did not exceed 8 s. These observations suggest that an increased slow-wave propensity persists beyond the termination of a NREMS episode. A corresponding situation may apply for waking and REMS, the states with a desynchronized EEG. Thus the rise rate of slow-wave activity was reduced when the interruption of a NREMS episode exceeded 128 s. It is possible that a prolonged episode with a desynchronized EEG affects the evolution of the subsequent NREMS episode by interfering with the buildup of slow-wave activity.
Synthesis. We have proposed that EEG slow-wave activity is an indicator of a homeostatically regulated sleep process whose level rises during waking and declines during sleep (4). Data obtained from sleep-deprivation experiments in humans (7) led to the formulation of the two-process model of sleep regulation in which sleep was described and quantitatively simulated by the interaction of a homeostatic process (process S) and a circadian process (process C) (10). Although a qualitative version of the same model had been proposed for the rat on the basis of sleep-deprivation experiments (5, 8), the lack of 24-h EEG spectra precluded its further elaboration. The present data provide additional insights into the regulatory processes underlying sleep in the rat. The steady decline of slow-wave activity in the course of the light period supports the notion that this EEG parameter reflects the gradual dissipation of sleep pressure. According to the model, the high amount of waking during the dark period should reverse the process and lead to a gradual rise of slow-wave activity. Instead, a relatively constant, low level of slow-wave activity prevailed throughout the first 10 h of the dark period, and a sharp increase occurred only in the last 2 h (Fig. 6) . These results indicate that the frequent short sleep bouts in the dark period may offset the buildup of slow-wave propensity in the waking episodes. This interpretation is supported by data from previous experiments (8, 20) where a marked rise in slow-wave activity was induced by the deprivation of the limited amount of sleep that is normally present in the dark. Conversely, excess sleep in the second half of the dark period, which had been induced by prior sleep deprivation, proved to be particularly effective in dissipating slow-wave propensity, since in the consecutive light period slow-wave activity was reduced even below the nondeprivation base line (24). These results, in conjunction with the present data, indicate that in the rat the short sleep episodes in the dark period are instrumental in delaying the buildup of slow-wave activity, and that waking episodes in the last dark hours (possibly a critical circadian phase before dawn) have an inordinate capacity for augmenting slowwave propensity. In a model of human sleep, the homeostatic process (process S) was not subjected to circadian modulation (4, 10). Further studies are required to determine whether rats and humans differ in this fundamental aspect of sleep regulation.
The unexpected trends in high-frequency activity ( Fig.  1) point to an additional facet of NREMS regulation that has been hitherto ignored. The rising tendency of this EEG parameter started several hours before the light-dark transition and reached its maximum level in the first 2 dark h. It is important to note that its time course is not a mere mirror image of the slow-wave activity cycle. The observation that high-frequency activity exhibited a slight but significant rising trend within NREMS episodes in the dark period indicates that it reflects the progression of a sleep process. In contrast to process S, its properties have been little explored and an obvious correspondence to human sleep is lacking. On the other side, strikingly similar trends of high-frequency activity have been observed in the hamster (22). One could speculate that this EEG parameter is an indicator of sleep saturation, which would set in in the last part of the light period and reach a maximum in the early dark hours. Further experiments with recordings from multiple cortical sites may shed light on the origin and functional significance of the high-frequency activity.
In the present study, slow-wave activity has been analyzed on two different time scales. The progressive decline throughout the light period and the rise during the dark period represent the most prominent slow changes. There is some evidence that endogenous sleeppromoting substances modulate slow-wave activity by accumulating during waking and dissipating during sleep and that they thereby subserve sleep homeostasis (see 6, 14) . However, such compounds have not yet been unambiguously shown to play a role in physiological sleep regulation. The most prominent rapid change consists in the buildup of slow-wave activity within NREMS episodes. It is reasonable to assume that it is based on neurophysiological mechanisms. On entering NREMS, the cortex apparently switches from the desynchronized to the synchronized mode. Although the initial change is rapid, the further intensification of slow-wave activity up to the plateau level is more gradual. The evolution of EEG synchronization is similar in rats and in humans. In human sleep, the rise in slow-wave activity corresponds to the transition from stage 1 to stages 3 and 4 in the first two cycles and to the transition from stage 1 or REMS to stage 2 in subsequent cycles. However, in humans the rise time is 30-40 min (1) and thus is one order of magnitude higher than the rise time in the rat (X0-300 s corresponding to four times 7). As the length of the NREM-REMS cycle shows a similar ratio between the two species [human, 90 min; rat, 8-12 min (3)], the rise phase of slow-wave activity occupies a comparable portion of the cycle. Because the generating mechanisms of EEG slow-wave activity are unknown (see 11, 19) , it is difficult to offer satisfactory explanations for the neurophysiological processes involved. One could speculate that the intensification of slow-wave activity is due to a gradual modification of synaptic connectivity in the cortex that leads to an increasing synchronization between neuronal domains. Although the process takes time to develop, it can be almost instantaneously cancelled by spontaneous or induced interruptions.
The homeostatic slow component, which is possibly controlled by neurochemical factors, apparently modulates the buildup rate and the plateau level of the rapid component. This modulation may be brought about by altering the number of neuronal elements contributing to the EEG synchronization or by modifying the response of the elements. In view of the importance of slow-wave activity as a sleepstate parameter and as an indicator of sleep homeostasis in various mammalian species, further insights into its generating mechanisms would be desirable.
In conclusion, the present study showed that the propensity for slow-wave activity in NREMS increases during the predominant waking portion of the day, and decreases during the period with predominant sleep. This NON-REM SLEEP homeostatic process is evident even within short NREMS episodes where it is indicated by the manifest or extrapolated saturation level of slow-wave activity. Thus even during periods with rare and fragmented sleep, the propensity for slow activity can be assessed. Its time course during the nocturnal waking period indicates that circadian factors modulate sleep homeostasis in the rat.
